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Abstract 
Numerical three dimensional studies of forced convective heat loss from cavity receiver of different 
shapes have been investigated under wind conditions. The cavity shapes used are: cylindrical, conical 
(frustum of a cone), cone-cylindrical (combination of frustum of cone and cylindrical shape), dome-
cylindrical (combination of hemispherical and cylindrical shape) and hetro-conical. These studies are 
carried out for three isothermal wall temperatures (523, 723 and 923 K) and five inclinations: θ = 0° 
(cavity aperture facing sideways), 30°, 45°, 60° and 90° (cavity aperture facing down). Besides, effects of 
mouth blockage (mouth blockage area 36% and 64 %) on forced convective heat loss are also 
investigated. Three wind directions viz., head-on, side-on and back-on and wind speed of 1 to 5 m/s are 
considered. The ratio of convective losses occurring under wind and no-wind conditions shows minimum 
value θ = 0° and it increases with cavity inclination. As expected, the convective heat loss under wind 
conditions is higher than the no-wind case. The convective heat losses are higher for head-on wind 
condition for all shapes in the range (1 to 5 m/s) of wind speed considered. Among the different shapes 
under study, conical cavity yields the lowest convective losses for both categories of cavities (with and 
without mouth blockage). Under wind condition, convective losses reduce marginally with mouth 
blockage. Increase of mouth blockage from 36 % (Dap = 0.4 m) to 64 % (Dap = 0.3 m) does not 
significantly alter the magnitude of convective loss. The mouth blockage is found to be more effective for 
conical cavity where reduction in convective heat loss is observed to be 7 and 16 % respectively for wind 
speed of 1 and 5 m/s as compared to fully open conical cavity (Dap = 0.5 m). Generalized Nusselt number 
correlation is proposed based on the forced convective heat loss data from cavities of different shapes and 
sizes with and without mouth blockage for head-on wind condition. It correlates 83% of data within 
±11%, 95% of data within ±15% and 100% of data within ±21%. 
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1. Introduction 
The paraboloid dish-receiver assembly is suitable for supplying heat for process applications as well as 
generating power. It consists of a paraboloid dish with downward facing receiver at the focus. Generally, 
a cavity receiver is used to capture the flux at focus since it has low heat loss (Harris and Lenz [1]). The 
heat loss includes convective and radiative losses through the opening of the cavity and conductive losses 
through the supporting structures of the cavity and the insulation used at the outer surfaces of the cavity. 
A number of investigations are reported in literature on different solar cavities under natural convection. 
A very few studies have delt with wind effects and hence forced convection on receiver heat loss. In real 
situation, wind can considerably affect the performance of the cavity receiver. For example an 
experimental investigation conducted by Faust et al. [2] showed that a noticeable increase in receiver 
convection occurred with a wind speed of only 0.89 m/s. It was observed that wind parallel to the aperture 
plane results in the highest convective heat loss. Ma [3] had reported the experimental investigations on 
the convection heat loss under wind conditions for a mouth-blocked cylindrical cavity with conical 
frustum. The tests were carried out for various inclinations and wind speeds between 3 and 10 m/s. The 
wind tests were carried out under head-on (at any cavity inclination, wind direction is parallel to the 
ground while it blows through the aperture of the cavity) and side-on (at any cavity inclination, wind 
direction is parallel to the ground and is perpendicular to the head-on condition). The value of convective 
heat loss was higher than the no-wind case; it was thrice the value of the no-wind condition for wind 
speed of about 10 m/s. It was observed that side-on causes higher convective loss than head-on. Kugath et 
al. [4] measured the effects of wind (4.47 m/s) on convective heat loss from cylindrical cavity with 
conical frustum. It was found that the convective heat loss is dependent upon receiver orientation. The 
highest convective heat loss was observed with the wind blowing directly into the cavity (head-on 
condition) and was four times that of convective heat loss under natural convection. Prakash et al. [5] had 
carried out experimental investigation on downward facing cylindrical cavity receiver with wind skirt for 
two different wind speeds and two directions (head-on and side-on). They have reported, as opposed to 
Ma [3], that the head-on wind causes higher convective loss than the side-on wind. These conflicting  
 
Nomenclature 
Aw  cavity inner surface area (m2) 
Dap  cavity aperture diameter (m)  
Dcav   cavity diameter (m) 
h  convective heat transfer coefficient (W/m2K) 
k  thermal conductivity of air (W/mK) 
Nu  Nusselt number 
Pr  Prandtl number 
Qconv  convective heat loss (W) 
Re  Reynolds number 
Tfi  fluid inlet temperature (°C) 
Tfo  fluid outlet temperature (°C) 
Tm  fluid mean temperature (°C), (Tfi+Tfo)/2 
Tw  cavity wall temperature (°C) 
Ta  ambient temperature (°C) 
V  wind speed (m/s) 
θ  cavity inclination (degree) 
ν  kinematic viscosity (m2/s) 
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results for convection heat loss from the cavity receivers in wind conditions are also reported in the 
review paper by Shuang-Ying Wu et al. [6]. It is desired that wind study has to be carried out under 
similar geometrical and operating conditions to establish its effect on convective heat loss from cavity 
receivers. In addition, the effect of mouth blockage on convective heat loss is also studied under wind 
conditions.  
2. Types of cavities investigated and terminology used for wind direction 
Investigations on convective heat loss under wind conditions are carried out for both categories of cavities 
i.e. with and without mouth blockage. The cavity shapes investigated in the present work are: cylindrical, 
conical, cone-cylindrical, dome-cylindrical and hetro-conical (Fig. 1). The applications such as process 
heat in the form of steam, pressurised hot water, hot oil as well as supplementing heat to the existing 
power plant are kept in view; the typical operating temperature envisaged are 250 °C to 650 °C 
(Paittonsurikarn and Lovegrove, [7]). The receivers generating steam generally operate at constant fluid 
temperature and hence isothermal wall conditions are realized (Clique, www.clique.in). While comparing 
these different shapes, their aperture diameter is kept constant. This is due to the fact that for a given 
paraboloid dish receiver systems, the size of the optical focus is fixed and is typically of 0.3 to 0.5m 
diameter for dishes used for industrial process heat (www.clique.in, Bhosale et al. [8], Sardeshpande et al. 
[9] and Chandak et al. [10]). These cavities are studied under two categories. In the first category, cavities 
are without mouth blockage having aperture diameter and cavity diameter both equal to 0.5 m. The depth 
of the cavities is taken as 0.75 m. In the second category, cavities have mouth blockages. The aperture 
diameters are taken as 0.4 m (~36% mouth blockage area) and 0.3 m (~64% mouth blockage area). The 
cavity diameter and depth of the cavities are taken as 0.5 m and 0.75 m respectively for all the cavities.  
 
Figure 1 Shapes of the cavities investigated 
 
The CFD Software Package ‘Fluent 6.3.26’ [11] was employed to carry out the three dimensional 
simulation of the cavity receivers. For each cavity, model was created using Gambit tool of the CFD 
software package ‘Fluent 6.3.26’. Three wind directions such as head-on, side-on and back-on are 
considered. In numerical work, these wind directions are applied by placing the cavity receiver centrally 
in cubical enclosure as shown in Fig. 2. The size of the cubical enclosure is chosen to be about fifteen 
times the diameter of the cavity to ensure that the temperature and flow profile within the cavity are 
unaffected by boundary conditions. 
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i) Head-on condition: wind enters normally through face ABCD and leaves through the face EFGH 
of the cubical enclosure. 
ii) Side-on condition: wind enters normally through face EADH and leaves through the face FBCG 
of the cubical enclosure. 
iii) Back-on condition: wind enters normally through face EFGH and leaves through the face ABCD 
of the cubical enclosure. 
In these three wind directions, only cavity receiver is rotated within the cubical enclosure to study the 
effect of cavity inclination (Fig. 2). In the present work, typical wind speeds of 1 to 5 m/s are considered. 
 
Figure 2 Terminology used for wind direction 
 
3. Validation of numerical scheme for wind study 
The experimental study by Ma [3] is considered for validation of the present numerical scheme. Ma [3] 
has reported investigation on mouth-blocked cylindrical cavity with conical frustum under wind study. 
The geometrical model for this cavity is created in Gambit [11] as shown in Fig. 3.  
 
 
Figure 3 Geometrical model of cavity used by Ma [3] Figure 4 Validation of numerical scheme under wind condition 
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This cavity is placed centrally in cubical enclosure. The experimental working conditions (mean 
operating temperature of 276°C and wind speed of 2.7 m/s under head-on condition) are used as the input 
in the numerical work. The results of calculations from numerical work are compared with the 
experimental data of Ma [3] in Fig. 4. It is seen that there is good agreement between the numerical 
results with the experimental data. 
4. Results and discussion 
The results are obtained for different values of wall temperature, angle of inclination, wind speed and 
wind directions for different cavities (with and without mouth blockage). Figures 5 (a), (b) and (c) show 
the variation of convective heat loss with cavity inclination for different cavities operating at 723 K for 
wind speed of 2 m/s under head-on conditions.  
 
 
 
Figure 5 Variation of convective heat loss with inclination, V = 2 m/s, Tw = 723 K and head-on condition 
                                    ( Conical, Cone-cylindrical,  Dome-cylindrical, Cylindrical, Hetro-conical) 
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In case of cavities without mouth blockage, the highest convective loss occurs when the cavity aperture 
facing sideways (θ = 0°) whereas it is the lowest when the cavity aperture facing downwards (θ = 90°). 
The cavities with mouth blockage, particularly with 64% mouth blockage behave differently due to 
complex flow pattern. The convective loss is higher when the cavity is inclined at 30° compared to 0°. 
Besides, the convective loss is higher at θ = 90° than that at θ = 60° (for conical, cone-cylindrical and 
cylindrical cavities). The velocity contours of air inside different cavities have been studied, though not 
presented here. These show a very complex flow pattern including strong eddies agreeing to the 
postulation of Ma [3]. The variation of convective heat loss with inclination is also shown for no-wind 
case (Fig 5 (d)). It may be noted that the magnitude of reduction in convective heat loss with inclination 
under wind conditions is less compared to that under no-wind case. In general, the convective losses 
under wind conditions are higher than no-wind case. Among the different shapes under study, the conical 
cavity yields the lowest convective loss for both categories of cavities (with and without mouth blockage) 
under natural as well as wind conditions. 
 
The nature of variation of convective heat loss with inclination is further analyzed with the help of 
temperature contours. Figure 6 shows such plots for a cylindrical cavity for no-wind and a wind speed of 
2 m/s under head-on condition. It is seen that, for no-wind case, the volume of stagnation zones inside the 
cavity increases with an increase in cavity inclination thereby reducing the losses significantly. In case of 
wind condition, such stagnation zones are seen to be absent and the entire volume of the cavity 
participates in convective heat loss.  
 
 
Figure 6 Temperature contours of cylindrical cavity 
 
The convective heat loss from different shapes of the cavities are plotted (Fig. 7) for head-on θ = 0° and 
Tw = 723 K. It is seen that, with an increase in wind speed, the convective heat loss increases, as 
expected. The behaviour of different shapes of the cavities under wind conditions is found to be unaltered 
in the range of wind speed (1- 5 m/s) for both categories of cavities (with and without mouth blockage). It 
is also seen that conical cavity yields the lowest convective loss. Further, mouth blockage reduces the 
convective loss marginally (Fig. 7(b) and 7(c)). Increase of mouth blockage from 36 % (Dap = 0.4 m) to 
 R.D. Jilte et al. /  Energy Procedia  57 ( 2014 )  437 – 446 443
64 % (Dap = 0.3 m) does not significantly alter the magnitude of convective loss. Therefore mouth 
blockage may be selected accordingly. The mouth blockage is found to be more effective for conical 
cavity where reduction in convective heat loss is 7 and 16 % respectively for wind speed of 1 and 5 m/s as 
compared to fully open conical cavity(Dap = 0.5 m). For hetro-conical cavity, mouth-blockage is not 
useful at all. For cone-cylindrical and dome-cylindrical cavities, reduction in convective heat loss is 
varying from 4 to 9 % respectively for 1 to 5 m/s, whereas for cylindrical cavity this value is 3 to 7 %. 
 
Figure 7 Convective heat loss for different wind speed, head-on wind, Tw = 723 K and θ = 0° 
( Conical, Cone-cylindrical, Dome-cylindrical, Cylindrical, Hetro-conical) 
 
The convective heat loss is found to be marginally higher for head-on wind conditions as compared to 
other two wind directions for a range of wind speed 1 to 5 m/s except 90° where all wind directions 
essentially the same. Similar behaviour is also observed in case of other shapes of the cavity. 
 
The data for convective heat loss under head-on wind condition is chosen for correlation as it is found to 
be higher than other wind directions. The wind data comprised of different shapes of the cavities with and 
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without mouth blockage operating at temperature range of 250°C to 650°C. The approach adopted for the 
development of correlation is as follows. From the numerically obtained values of convective heat loss 
(Qconv), the convective heat transfer coefficient (h) is calculated as 
)]T-T(A/[Qh awwconv u       (1) 
where Tw and Ta are respectively the cavity wall and ambient temperature.  
The non-dimensional numbers (Nusselt number and Reynold number) are calculated taking aperture 
diameter as the characteristics dimension.  
Nu = hDap/k        (2)  
Re = VDap/ν        (3) 
  
The properties of air are estimated at the mean temperature of Tw and Ta.  
The calculated values of Nu correlated with Re, Pr, Dap/Dcav and (1+cosθ) is given by 
285.0892.0
cavap
2.138.0 )cos1()D/D((Pr)(Re)635.1Nu T     (4)  
θ is the cavity inclination in degrees. 
The parity plot between numerical and correlated Nusselt number is shown in Figure 8. It is observed 
that, the proposed correlation correlates 83% of data within ±11%, 95% of data within ±15% and 100% of 
data within ±21%; the standard error being 0.077.  
 
Figure 8 Parity plot for correlation (Eq.4) 
 
-15% 
+15% 
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The validation of the present generalized correlation (Eq. 4) has been carried out with experimental data 
of convective heat loss measurements reported by Prakash [5] on cylindrical cavity with conical frustum 
as wind skirt. The geometrical parameters of the cavity used are: Dap = 0.5 m, Dcav = 0.3 m,  
Aw = 0.67 m2. The results are presented in Table 1; the experimental operating conditions are mentioned 
in the table. All the air properties are calculated at the mean temperature of Tfi and Tfo. There is a good 
agreement between the experimental and the values calculated using the present correlation. 
 
Table 1 Comparison of convective heat loss between values based on correlation and that of experimental data of Prakash [5] 
 (wind speed = 3 m/s) 
 
Cavity 
inclination 
 
Experimental values  Correlation values Percentage 
difference 
(%) 
 Tfi (°C) Tfo (°C) Qconv (W)  
Nusselt 
number 
Heat transfer 
coefficient 
(W/m2K) 
Qconv (W) 
0 75.8 61.9 603  353.48 19.79 515 14.6 
30 75.4 62.3 528  346.56 19.41 505 4.4 
45 75.7 63.2 479  337.88 18.92 501 -4.6 
60 75.4 62.8 487  325.65 18.24 478 1.8 
90 75.3 63.9 378  290.11 16.25 431 -14.0 
5. Conclusions 
Numerical three dimensional studies of forced convective heat loss from cavity receiver of different 
shapes from both with and without mouth blockage have been investigated under wind speed of 1 to 5 
m/s at three different wind directions.  
The following conclusions can be drawn from this study. 
x Under both no-wind and wind condition, convective heat loss reduces with cavity inclination; 
however, magnitude of reduction is higher for no-wind case because of formation and increase 
of stagnation volume with cavity inclination. In case of wind condition, absence of such 
stagnation volume makes the convective heat loss less dependent on cavity inclination.  
x Convective heat loss for the cavities investigated under wind conditions is higher than no-wind 
case. For wind speed 1 to 5 m/s, it increases as much as 1.3 to 2.61 times at θ = 0° and 5.73 to 
15.73 times at θ = 90°.  
x Convective heat losses are higher for head-on wind condition for all shapes of the cavities under 
investigation in the range of wind speed considered (1 to 5 m/s). 
x Among the different shapes under study, conical cavity yields the lowest convective losses for 
both categories of cavities (with and without mouth blockage). 
x Under wind condition, convective losses reduce marginally with mouth blockage. 
x The mouth blockage is found to be more effective for conical cavity. 
x Increase in mouth blockage area does not necessarily reduce the convective loss. In some 
cavities, it may actually increase the convective loss. Therefore its selection is to be done 
accordingly.  
x Generalized Nusselt number correlation is proposed based on the convective heat loss data from 
cavities of different shapes and sizes with and without mouth blockage for the head-on wind 
condition. It correlates 83% of data within ±11%, 95% of data within ±15% and 100% of data 
within ±21%. 
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